Tissues were incubated in the presence of tritiated norepinephrine (*H-NE), and fractions were isolated by means of differential and sucrose density gradient centrifugation. The peak of radioactivity was located in the 0.4-0.5 M sucrose region that contained vesicular materials, as shown by electron micrographs. NE incorporation (picomoles/mg tissue) into the P, subtraction of SHR atria and P-M veins was reduced; in atria, the reduction was statistically significant. These results contrasted with the enhanced 'H-NE incorporation by SHR mesenteric artery, and point out regional differences in this process. shows that altered activity of the sympathetic nervous system plays a role in the development of high arterial pressure in genetically hypertensive rats.
VIDENCE from numerous investigations
shows that altered activity of the sympathetic nervous system plays a role in the development of high arterial pressure in genetically hypertensive rats. 1 
"
7 There may be chronic adrenergic overactivity and increased adrenergic drive to the heart* and elevated turnover rates for cardiac norepinephrine. In addition, the vascular beds of these animals have been reported to be abnormally responsive to applied norepinephrine.
Ui " We recently investigated neuronal incorporation of norepinephrine (*H-NE) by isolated mesenteric arteries of adult spontaneously hypertensive rats (SHR) and age-matched Wister-Kyoto (WKY) nor-motensive controls. 'H-NE, measured in a synaptosomal fraction, was found to be significantly greater in SHR than WKY, as shown in the preceding article (Part 1, pp 704-709).
This led us to the present investigations of neuronal •H-NE incorporation by tissues from the low pressure side of the circulatory system of SHR, since there is some evidence that generalized changes occur in vascular smooth muscle of hypertensive animals.
14 -" Bevan et al. 14 examined the magnitude of the responses to NE and to nerve stimulation by small saphenous and cephalic veins from rabbits with hypertension induced by partial ligature of the abdominal aorta. The magnitude of the responses of the veins from hypertensive animals exceeded those from shamoperated normotensives. The results suggested further that increased responsiveness of veins from hypertensive animals results from increased sensitivity of the smooth muscle cells, not increased contractility.
Enhanced sensitivity of smooth muscle cells could result from one factor or a combination of factors, such as increased neural discharge, hypersensitivity of vascular receptors, or deficient NE inactivation. The latter mechanism gains support from results of our present study of hypertensive rats in which 'H-NE in-corporation was reduced in veins and atria, the reverse of our findings in arteries, as shown in the preceding article (Part 1, pp 704-709). In addition to SHR and WKY tissues, we also studied tissues from rats with neurogenic hypertension induced by sinoaortic denervation 19 " 1 ' and their sham-operated controls.
Methods
Male SHR of the Okamoto strain 19 and agematched WKY rats, 11-36 weeks of age, were used (Charles River Breeding Company, Wilmington, Massachusetts). Blood pressure (BP) differences between SHR and WKY were confirmed by measurement of tail systolic blood pressure (SBP), as described in Part 1. In WKY, the pressure ranged from 85-120 mm Hg, and in SHR, 135-195 mm Hg. We used 12-to 14-week-old male WKY rats (Simonsen Laboratories) for sinoaortic denervation, and their litter mates for sham-operated controls; operative procedures were done as described in detail elsewhere. Rats were decapitated. We have used a pool of two atria each for SHR and WKY in the first four studies of atria, and one each for the subsequent experiments. In our study of portal-mesenteric (P-M) veins, we used a pool of four P-M each for SHR and WKY in the first two studies and a pool of two P-M veins each for the subsequent experiments. Incubation buffer was prepared as described elsewhere. 10 Tissues were washed 5 times in ice-cold buffer and then incubated by the procedure described for mesenteric arteries in Part 1. We used either d/-*H-norepinephrine (Amersham Corporation) 13 Ci/mmole, or /-(7-'H)-norepinephrine (Amersham Corporation) 9.1 Ci/mmole; in both instances the amount of/-NE was normalized to contain 1 nmole /-NE per 2 ml of the medium.
After incubation, the tissues were blotted, washed 5 times in ice-cold incubation medium, weighed, and then minced at 4°C. Minced tissue was homogenized in approximately 10 volumes of ice-cold 0.32 M sucrose containing 10~'M EDTA and 0.1 M potassium phosphate, pH 7.4. Homogenization of the atria or P-M veins was carried out in a cooled Tefion-inglass homogenizer with a clearance of 0.004-0.006 inches at a speed of 1000 rpm for atria and 1500 rpm for P-M veins. Thirty passes of the pestle were made at 10/minute.
Differential Centrifugation and Cell Fractionation
Centrifugation steps and sucrose gradient fractionation were identical to procedures used for the mesenteric arteries in Part 1. One addition here was that, prior to layering on the sucrose density gradient, some samples were treated with Triton X-100 in an attempt to increase the dispersion of fraction components.
Protein Assay, Electron Microscopy, and Data Analysis All of these procedures were carried out exactly as described in Part 1.
Comparison of'H-NE Incorporation Based on Tissue Weight or Protein of P, Fraction
Under the conditions of our experiment, the amount of tissue collected for each sample provided a 0.2-0.5 mg P, pellet. This amount of material was insufficient for both reliable protein determination and subfractionation on sucrose gradient, so that 'H-NE found in P 8 fraction was expressed as per unit tissue wet weight, as in our preceding study of arteries in Part 1. We performed four studies, however, to verify that incorporation of *H-NE when expressed as per unit tissue weight was comparable to that expressed as per unit amount of P, protein. For these four experiments, three on atria and one on veins, twice as much tissue was pooled to give sufficient P, material for simultaneous protein determination and sucrose gradient separation. Incorporation of 'H-NE into SHR atria, as percent of WKY values, was 82%, 89%, and 130% with data based on P s protein, and 79%, 93%, and 119%, respectively, based on tissue weight; in veins the comparative results were 105% and 138% based on protein and tissue weight, respectively.
Results

Yield of Subtractions from SHR and WKY Rat Tissues
In several of our experiments we determined the total protein contents of P l t P,, and P s fractions. A typical set of protein data from atria is tabulated in table 1. It indicates that the homogenization and differential centrifugation procedures yield rather uniform and proportional amounts of P, fractions with respect to the initial tissue wet weight of the atria in both groups of rats. 
FIGURE 2. Distribution of norepinephrine ('H-NE) in P, sucrose density gradient subfractions of atria of SHR and WKY rats.
Distribution of'H-NE in P, Subfractions
Typical radioactivity distribution data on sucrose gradient are shown in figure 1 for P-M veins and in figure 2 for atria. Figure 1 indicates that a high radioactivity peak is associated with a sharply banded region around 0.4-0.5 M sucrose for WKY P-M veins, while the SHR subfractions show a weaker, broad peak at the 0.4-0.5 M sucrose density region. In figure  2 , the high radioactivity peaks for atria subfractions were shifted somewhat toward a lighter sucrose density region, when compared to P-M veins. This difference can be accounted for most readily by the fact that the atria sample was treated with Triton X-100 (see Methods). In the typical distribution, shown in figure 2, the radioactivity peak associated with the SHR sample was reduced in comparison to that of the WKY control, similar to findings in samples from P-M veins.
Incorporation of'H-NE into P, In 14 of 18 studies (as shown by data in table 2), incorporation of 'H-NE by the atria of SHR was less than that of controls and ranged from 51.6% to 96.7% (average, 77.7%) of that in WKY tissues. The differences between the 18 paired samples shown in table 2 were statistically significant (p < 0.05). Five of seven P-M vein studies showed a similar trend, i.e., 'H-NE incorporation by SHR veins was less than that of controls, as shown in table 3; results from the seven studies did not achieve statistical significance. No agerelated trend in 'H-NE incorporation was found either in the atria or P-M veins obtained from 11-to 36-week-old rats.
Electron Microscopy
The Pi fractions of P-M veins were composed primarily of a wide variety of membranous structures, synaptosomal profiles, vesicles, and granular aggregates with dense-cored vesicles. It was noted that the amount of vesicular material (granular and agranular) per synaptosomal profile was less in hypertensive rats than in normotensive ones (see fig. 3 ). The difference between total P, and its subfraction, banded around 0.4-0.5 M sucrose on the density gradient (P 4 pellet), was interesting in that the P 8 materials contained a number of "free" dense-cored vesicles ( fig. 4 top) whereas the P 4 pellet contained many dense ovoid structures that resembled granules of dense core vesicles (Fig. 4 bottom) . 
(1)
(1) 
(1) •Total cpm P 3 is a sum of the counts in subfractions of Ps in sucrose density gradient subfractions. •Total cpm in Ps is a sum of the counts in subfractions of P3 in sucrose density gradient subfractions. 'Veins were pooled from 3 rats. *Total cpm Pa is a sum of the counts in subfractions of P 9 in sucrose density gradient fractions. 
Incorporation of'H-NE by Blood Vessels of SinoaorticDenervated (SAD) Rats
We carried out three studies of atria and one of P-M veins taken from SAD rats and their shamoperated controls. Radioactivity was concentrated in the 0.4-0.5 M sucrose density band, as it was in SHR and WKY studies. Incorporation of 'H-NE into P 8 fractions of these tissues of SAD rats was reduced compared to that of controls, as shown in table 4. Thus, like SHR, the SAD rat also showed reduced incorporation of *H-NE into synaptosomal fractions of tissue from the low pressure side of the systemic circulation.
Discussion
The present study shows that atria from SHR rats generally contained less 'H-NE than those of WKY atria. The magnitude of reduction averaged 23% with a range from 10% to 50% in 14 of the 18 paired studies. A similar magnitude of reduced incorporation was found in SHR P-M veins. Bell and Kushinsky 11 observed that atria from the Otago strain of genetically hypertensive rats lacked an uptakea mechanism for NE, which is present in the genetically related strain of normotensive rats. Salt and Iversen* 1 reported a deficiency of the NE uptake! process (incorporation into nerve terminals) in atria of the Kyoto Our studies support the findings of Salt and Iversen" and provide a more direct approach to the uptake process by demonstrating differences within neuronal fractions rather than whole tissue. The biochemical data together with the electron micrographs ( fig. 4 ) strongly indicate that we measured 'FI-NE incorporated into the tissue fractions containing synaptic vesicles. The high concentration of radioactivity at the 0.4-0.5 M sucrose region after centrifugation at 53,000 g for 90 minutes coincides with those fractions shown by Bisby and Fillenz" to be isopyenic with 0.5-0.6 M after 53,000 g for 3 hours and to have the highest concentrations of NE.
Neuronal uptake mechanism (uptake^ translocates NE into the adrenergic nerve endings and thereby shortens the life span of the transmitter in the extracellular synaptic cleft. This uptake! mechanism is known to be saturable, obeys Michaelis-Menton Kinetics, and has a low Km for /-NE between 0.3 and 3/iM for a variety of organs." In our present study, the amount of NE retained in the P t fraction of P-M veins after 60 minutes of incubation was calculated to be about 1.5 to 4 picomoles (see table 3) and that of atria samples was 1 to 6 picomoles (see table 2), both well within the range of uptake,.
Since the yield of protein in the P| fraction was proportional to weight of tissues from SHR and WKY (see table 1), uptake differences are probably not attributable to procedural variability or to strain differences in assayable protein. Rather, results suggest that the lower incorporation of NE into neuronal terminals of atria and veins may be caused by a biochemical deficiency in membranes. If extrapolated to the intact rat, this would result in more NE available at postsynaptic receptor sites in SHR. Indeed, reduced uptake of neurotransmitter on the lower pressure side of the circulation could account for elevated venous tone in hypertensive humans" and increased sensitivity of veins to exogenous NE. 14 It should be noted that the findings of reduced *H-NE in synaptosomal fractions of atria and veins from SHR is in direct contrast to findings of enhanced incorporation by mesenteric arteries of SHR, as we reported in Part 1. Comparison of NE incorporation into fractions of three tissues taken from SHR, as percent of that by fractions from WKY tissue, is summarized by figure 5. Incorporation by tissues from the low pressure side of the circulation of SAD rats was in the same direction vis a vis controls as SHR and WKY (see table 4 ). Moreover, in one additional study (not shown in the Results) of *H-NE incorporation by SAD.mesenteric arteries, we found that SAD had 3.08 vs 1.95 in sham rats (picomoles X 10~'/mg tissue). Thus, the mesenteric artery in this model of hypertension also incorporated more exogenous NE into neuronal terminals than in controls. The parallel between SAD and SHR rats vis a vis respective controls suggests that regional differences in incorporation of NE in SHR might reflect an impairment of baroreflex pathways. Mesenteric artery data were obtained in our previous study.
